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Abstract: Nano Co doped TiO2 prepared by simple impregnation method and characterized by powder XRD, high resolution 
scanning electron micrograph, diffuse reflectance spectroscopy, photoluminescence spectroscopy and infra-red spectroscopy. 
DRS reveal that the absorption of TiO2 wavelength is shifted to visible region when Co2+ ion doped. PL spectra show that the 
emission of light is higher and the liberation of iodine is more for Co doped TiO2 than TiO2. Application of this catalyst is 
degradation of MB dye under visible light. 
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1. Introduction 

Photocatalytic semiconductor is one of the promising 
techniques for the disinfection of bacteria and degradation of 
organic dyes [1–9]. TiO2 is an efficient for photocatalytic 
application because of its exceptional electronic and optical 
properties, chemical stability, non-toxicity, and low cost. 
However, it requires UV-A light for photo activation and the 
overall quantum efficiency is low. In order to improve the 
photo efficiency of the TiO2 doped with transition metal is 
being widely employed. The origin of the improved 
photocatalytic activity is clearly related to the efficiencies of 
the doping centers in trapping charge carriers and interceding 
in the interfacial transfer. Besides modifying the band gap, 
metal ions also serve as charge trapping sites and thus reduce 
electron–hole recombination rates. The effect of doping on the 
activity depends on many factors, like the type and the 
concentration of dopant, the method of doping, etc. One of the 
most promising ideas to extend the light absorbing property of 
TiO2 and to enhance its photocatalytic efficiency is to couple 
TiO2 with a narrow band gap semiconductor. In these 
circumstances, both semiconductors must have their 
conduction as well as valence band edges at different energy 
levels. Under such configuration, several advantages can be 

obtained. Some is: (1) an improvement of charge separation; 
(2) an increase in the life time of the charge carrier; and (3) an 
enhancement of the interfacial charge transfer efficiency to 
adsorbed substrate. Some properties of TiO2 nanostructures, 
like photocatalytic activity, strongly depend on the degree of 
crystallinity and crystalline structure, morphology, particle 
size, size distribution, specific surface area, surface states, and 
porosity [10-12]. Anatase, is regarded as the most active 
polymorph of TiO2, shows higher affinity to adsorb organic 
molecules compared to rutile [13, 14]. Transition metal 
doping is favorable because of transition metal’s unique‘d’ 
electronic configuration and spectral characteristics of 
extending the absorption edge of TiO2 to the visible region [15, 
16]. Doping with metal or non-metal elements could shift the 
light absorption edge from UV to the visible region. Thus, the 
photo response is enhanced by creating mid-gap energy levels 
in the band gap of TiO2 [17, 18]. Nonmetals such as N [19], S 
[14], and B [20] and metals like Cu [21], Pt [22], Ag [23], and 
Fe [19, 10, 24], etc. have been studied for the promotion of 
photocatalytic activity of TiO2 in both UV and visible light 
irradiation. Photocatalytic activity and magnetic properties of 
Co doped TiO2at room temperature is better than neat TiO2 
[25-27]. Removal of cyanide ion by Co doped TiO2 was 
studied [28]. Doped TiO2 with Co is considered as one of the 
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best candidates to reduce the electron–hole recombination rate 
and to shift the absorption edge into the visible light region 
[29-31]. Cobalt doped TiO2 has shown high activity for 
degradation of 2-chlorophenol (2-CP) [32], 4-CP and 
Bisphenol A [33], acetaldehyde [34-36], acetonitrile [37], 
methylorange [25], methylene blue [38, 39], rhodamine B [40] 
and azofuchsine [41]. 

In the present study are investigating the degradation of 
methylene blue dye by Co doped TiO2 under visible light and 
characterization of this catalyst. 

2. Materials and Methods 

2.1. Materials 

Co (NO3)2 (Hi-media) and TiO2 (Merck) Methylene blue 
dye (Merck) and Ethanol solution were used.  

2.2. Preparation of Co Doped TiO2 By Impregnation Method 

To 15 ml of 99.9% purity of ethanol were taken in the 
beaker and appropriate amount of TiO2 was added into the 
ethanol solution under stirring for 30 min. 0.05g of Cobalt 
nitrate were added to the TiO2 containing solution also with 
stirring. This mixture is evaporated at 60°C for 30 min with 
stirring. 

2.3. Analysis 

A PANalyticalX’Pert PRO diffractometer with Cu Ka rays 
of 1.5406 Å was employed to record the powder X-ray 
diffractograms (XRD) of the samples at 40 kV and 30 mA 
with a scan rate of 0.04°s-1 in a 2Ө range of 10–75°. The 
morphologies of Co doped TiO2was assessed using a FEI 
Quanta 200 high resolution scanning electron microscope 
(HR-SEM) under highvacuum mode. The diffuse reflectance 
spectra were obtained with a PerkinElmer Lamda 35 
spectrometer. A PerkinElmer LS 55 fluorescence 
spectrometer was used to record the photoluminescence (PL) 
spectra at room temperature. The stretching and bending 
vibration of atom are studied by FT-IR spectrophotometer. 
The doped catalyst were dispersed in carbon tetrachloride and 
excited at 300 nm. The decolourisation and degradation of 
dyes are evaluated by UV-visible spectrophotometer. 

2.4. Photocatalytic Activity 

The visible light photocatalytic studies were made in an 
immersion type photo reactor equipped with a 150-W tungsten 
halogen lamp fitted into a double walled borosilicate 
immersion well of 40 mm outer diameter with inlet and outlet 

for circulation of K2Cr2O7 solution. The 1N K2Cr2O7 solution 
used removes 99 % of the UV light with wavelength between 
320 and 400 nm and acts as a UV cutoff filter. After the 
addition of the catalyst to the dye solution, air was bubbled 
through the solution which kept the catalyst particles under 
suspension and at constant motion. The catalyst was separated 
after the illumination. The Methylene blue dye was analyzed 
spectrophotometrically at 625 nm. 

3. Results and Discussion 

3.1. Crystal Structure 

The X-ray diffraction pattern of Co-doped TiO2 are 
prepared by simple impregnation method is shown in figure 1. 
It reveals the crystal structure of the Co doped TiO2 as 
tetragonal body centered with crystal constants a andb as 
0.3777 nm and c as 0.9501 nm. The diffraction pattern 
matches totally with the standard JCPDS pattern of rutile 
(89-8304). The absence of anatase lines (21-1272)in the cobalt 
doped TiO2; the reason is at high temperature anatase TiO2 is 
converted to rutile TiO2. Further, the diffraction peaks of CoO 
absence at doped TiO2. The low composition of Co may also 
be a reason for the absence of CoO peak in the XRD of 
Co-doped TiO2. Hence it is inferred that the doping has not 
resulted in substitution of the smaller Ti4+ by the larger Co2+ in 
the crystal lattice. Figure 1 also displays the XRD of the 
undoped TiO2. The diffraction pattern of the undoped TiO2 
shows the presence of anatase phases only (JCPDS 21-1272). 
The phase percentages of anatase and rutile have been 
deduced from the integrated intensity of the peaks at 2θ value 
of 25.3° for anatase and 27.4º for rutile. The percentage of 
anatase is given by A (%) = 100/ {1 + 1.265(IR/IA)}, where IA is 
the intensity of the anatase 101-peak at 2θ = 25.3º and IR is that 
of the rutile 110-peak at 2θ = 27.4º. The phase composition 
thus obtained is 83% anatase. The average crystallite sizes (D) 
of the Co-doped TiO2 and undoped TiO2 have been obtained 
from the half-width of the full maximum (HWFM) of the most 
intense peaks of the respective crystals using the Scherrer 
equation D = 0.9λ/βcosθ, where D is the average crystallite 
size, λ is the wavelength of X-rays used, θ is the diffraction 
angle and β is the full width at half maximum of the peak. The 
crystallite size of the Co-doped TiO2 is larger than the 
undoped one and the results are presented in Table 1. The 
specific surface areas of the crystals have been obtained using 
the relationship, S = 6/ρD, where S is the specific surface area, 
D is the average particle size and ρ is the material density. The 
results are in accordance with the crystal size and are 
presented in Table 1. 

Table 1. Crystal size (D) and Surface area (S) of TiO2and Co-TiO2. 

Oxide D, nm S, m2g-1 

TiO2 9.9 143 
Co-TiO214.9  95 
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Figure 1. Powder XRD spectra of TiO2 and Co doped TiO2.. 

3.2. Morphology 

Figure 2 High resolution scanning electron microscope 
(HR-SEM) shows that the TiO2 particles are spherical and 
9.9nm. But Co2+ ion impregnate to TiO2 lattice agglomerate 
the particles and become the 14.9. 

 

Figure 2. HR-SEM image of Co doped TiO2. 

3.3. Diffuse Reflectance Spectroscopy 

The diffuse reflectance spectra of pure TiO2 and Co doped 
TiO2 are shown in figure 3. In Co doped TiO2 has higher 
absorption in visible region compare to bare TiO2. Figure 4 
are shows that the Tauc plot for direct bandgap energy of TiO2 
and Co doped TiO2 are 3.4 and 2.95 eV respectively. The 
direct band gap energy of TiO2 is 3.4eV, the wavelengths of 
TiO2 are shifted from UV region to visible region when Co2+ 
ion intercalated TiO2 lattice. 

 
Figure 3. DRS spectra ofTiO2and Co doped TiO2. 

 
Figure 4. Tauc plot for direct bandgap energy of TiO2 and Co doped TiO2. 
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Figure 5. PL spectra of TiO2 and Co doped TiO2. 

3.4. Emission Spectroscopy 

The photoluminescence (PL) spectra of the bare TiO2 and 
Co doped TiO2 are shown in figure 5. Photoluminescence 
occurs due to the recombination of electron–hole pair in the 

semiconductor. The excitation wavelength is 300nm. The 
recombination of electron-hole pair in Co doped TiO2 are 
faster than pure TiO2. 

3.5. FT-IR Spectroscopy 

FT-IR spectroscopy is a useful tool to help understand the 
behavior of functional group. The infrared spectra of TiO2 and 
Co doped TiO2 are shown in figure 6. The peaks around 3350–
3450 and 1620–1635 cm−1 in Figure 6 were assigned to 
stretching vibrations and bending vibrations of the O–H, 
respectively, which may come from the surface absorbed 
water. The vibrations of O–H were significantly weaker, 
which was related to the removal of water after calcinations 
during the preparation of Co doped TiO2. The weak peak at 
about 514cm−1 assigned to stretching vibrations of Co–O. 
FT-IR results reminded the formation of a small part of Co–O 
bond. It was probably the existence of Co–O bond that 
hindered the recombination of generated photo holes and 
photoelectrons [42]. 

 
Figure 6. FT-IR spectra of TiO2 and Co doped TiO2. 

3.6. Dye Degradation 

The temporal profiles degradation of methylene blue dye by 
TiO2 and Co doped TiO2 under visible light is shown in figure 
7. The Co doped TiO2 is more efficient photocatalytic 
degradation of methylene blue dye than TiO2. This might be 
due to trapping photo-excited electrons at conduction band by 
decreasing the electron-hole recombination as a consequence 
of Co dopant into TiO2 environment. Doping has regulated the 
degradation occurred by exhibiting the highest photo catalytic 
degradation efficiency in methylene blue dye. This is because 

the incorporated Co atom acts as electron traps by suppressing 
the recombination of photo-generated holes and electrons. 
Both superoxide radicals and hydroxyl radicals are 
responsible degradation of methylene blue dye. Figure 8 are 
shows that photocatalytic mechanism for organic dye. 

3.7. Oxidation of Iodide Ion 

Figure 9 Shows that liberation of iodine from oxidation of 
iodide ion solution by Co doped TiO2 more enhancement than 
pure TiO2 under visible light at 60 minutes. 
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Figure 7. Time profile degradation of MB dye under visible light. 

 

Figure 8. Mechanism of degradation of organic dye by Co doped TiO2 under visible light. 

 
Figure 9. Photocatalytic oxidation of iodide ion by TiO2 and Co doped TiO2. 

4. Conclusions 

The Co doped TiO2 prepared by impregnation method. 
DRS show that the optical edge of TiO2 is shifted to visible 
region when Co2+ ion doped. PL reveals that the Co doped 
TiO2 lattice more emission of light due to crystal defect and 
less emission of light for TiO2 due to enhance the crystallinity. 
Application of this catalyst is degradation of MB dyes under 
visible light. 
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